Background: Vertebral artery dissection (VAD) is an important cause of stroke in the young. It can present nonspecifically and may be misdiagnosed with adverse consequences. We assessed the frequency of head/neck pain, other neurological symptoms, and cerebrovascular events in symptomatic VAD.
V ertebral artery dissection (VAD) is one of the most common identifiable causes of stroke in those aged 18 to 45, 1 with an estimated annual incidence between 1 and 1.5 per 100,000. 2 As VAD is a potentially treatable cause of transient ischemic attack (TIA) and stroke, 3 and the greatest risk of stroke in craniocervical dissections seems to occur in the first few weeks after dissection, 4 prompt diagnosis is essential. Unfortunately, VAD is not always easily recognized, and young patients with missed VAD may suffer potentially disastrous neurological complications or death. 5 Frank presentations of stroke, TIA, or subarachnoid hemorrhage (SAH) are likely to initiate an inpatient hospitalization and complete diagnostic workup, including vascular imaging, but patients with VAD may present with nonspecific complaints such as dizziness with neck pain or headache with nausea and vomiting. Although VAD is more likely to be considered in patients with a clear history of trauma or with known underlying connective tissue disease, in some cases neither of these known risk factors is present.
The literature describing VAD is varied in quality and content, and many studies report on only a few patients. The purpose of this study was to conduct a systematic review of studies reporting clinical and radiographic data on individuals with VAD, to determine both the level of evidence available on this topic, and to identify core clinical features of the syndrome. We sought to characterize the frequency of various symptoms, ischemic complications, and spectrum of outcomes in individuals with VAD.
METHODS

Search Strategy
The search strategy was designed by a PhD-trained clinical investigator with relevant domain expertise and the codirector of our Evidence-based Practice Center with extensive experience in systematic reviews. We searched MEDLINE and EMBASE for English-language articles, using text words and controlled vocabulary terms including: vertebral, vertebrobasilar, dissection, pseudo aneurysm, and other terms related to craniocervical dissection. The search was not designed to identify studies reporting on asymptomatic dissections resulting from routine secondary or tertiary trauma screening assessments in multitrauma victims. We did not restrict our search by date of publication or patient age. We also performed a manual search of reference lists from eligible articles. We did not attempt to contact corresponding authors and did not seek to identify research abstracts from meeting proceedings or unpublished studies. The search was updated through February 2009.
Selection Criteria
All gathered literature was subject to title and abstract screening by 2 independent reviewers. Articles were selected using predetermined criteria. These criteria excluded papers that were not in English, lacked original patient data (or were duplicating data published in other included papers), were not about vascular disease or craniocervical dissection, focused on VAD resulting from surgical or penetrating trauma, did not include data about clinical or radiologic features, or involved 5 or fewer subjects. We chose to exclude studies with small numbers of subjects because of concerns about how patients were recruited, including selection based on specific clinical features that might make the reported cases nonrepresentative of other VAD patients. Although exclusion by sample size at the abstract review stage was for studies with fewer than 5 subjects, we also chose to exclude all studies with only 5 subjects after full-text review because of residual concerns about the methodology in these smaller studies (thus, the final review excluded all studies with r5 subjects).
We included studies with radiologic or pathologic confirmation of dissection. Both intracranial and extracranial dissections were included. We did not establish preconditions on the presence of specific radiologic features for diagnosis of VAD. We chose this approach because we suspected from the outset that most studies would not provide sufficient detail regarding diagnostic criteria for patient selection.
Full-text screening was applied to all abstracts considered eligible or possibly eligible by at least 1 reviewer (ie, labeled "yes" or "maybe" in the abstract review). Two independent reviewers identified whether full-text manuscripts were eligible and provided a reason for exclusion. At the full-text level, concordance was mandated for reason of exclusion. When coders disagreed about the reason for exclusion, it was resolved by discussion. A third reviewer verified the eligibility of selected articles and settled any discrepancies in selection status.
Assessment for Study Quality
Two raters and a third adjudicator also assessed the methodological quality of included studies based upon criteria derived from the Standards for Reporting Diagnostic Accuracy Statement 6 and recommended for use with studies of history and physical examination as diagnostic tests. 7 Specifically, we rated the quality of the studies based on the following parameters: (1) participant recruitment and sampling-whether there was systematic recruitment/diagnosis of all patients with specific symptoms/signs or systematic case identification from radiographic files/databases; (2) data collection-whether there was prospective systematic data collection with a standardized data collection form applied to all patients; and (3) maskingwhether examiners were masked to the VAD diagnosis. The quality of the studies was rated as high if all criteria were adequately addressed, medium if any criteria were adequately addressed, and low if none of the criteria were adequately addressed. If the 2 initial reviewers disagreed on the study quality, a third adjudicator settled the discrepancy.
Within-study Data Extraction
Data extraction was performed by a single author. Subsets of these data were checked by a second author. Information extracted from each article included study type, number of subjects with VAD, the frequency of head and neck pain, various neurological symptoms, cerebrovascular events, prognosis, associated risk factors, radiologic features, and the site of dissection. For data about prognosis, in most cases, actual Rankin scores were provided in the manuscripts; in some papers, however, prognosis was described as by level of impairment, often using descriptive terms such as good, mild impairment, moderate impairment, or bad outcome. We used these descriptions to categorize patients into the equivalent modified Rankin score (mRS) categories 0 to 1 (good outcome), mRS 2 to 4 (fair outcome), or mRS 5 to 6 (poor outcome). Data were extracted at the subject level as provided in the included manuscripts, and only those patients meeting inclusion criteria were analyzed (eg, in studies reporting both carotid and vertebral dissection patients, only those with VAD were considered). Some outcomes could only be assessed in aggregate (eg, mean age), in which case sample-size weighted means were calculated.
Data Synthesis
We restricted our analysis for each research question (ie, within each table) to those studies that were felt to be free of bias with respect to those data for the particular question. For example, for assessment of headache frequency, we did not include studies that required headache as a diagnostic requirement for inclusion into that particular study. Bias was assessed per individual symptom or outcome; therefore, a study could be rated as unbiased regarding one symptom but biased regarding another. In addition, assessment of stroke, TIA, and SAH were synthesized both overall (in studies with mixed samples of extracranial and intracranial dissections) and separately for those that reported separate numbers for intracranial versus extracranial dissections.
We calculated proportions with standard errors. Pooled standard errors were calculated separately for each symptom or 
RESULTS
Our search identified 3996 unique citations, of which 3485 (87.2%) were excluded at the abstract level ( Fig. 1 ). Agreement was 98.5% for yes/no ratings at the abstract level, with k = 0.65. We did not demand concordance on reason for abstract exclusion. At the abstract level, concordant exclusions (66%) were as follows: not about craniocervical dissection 54% (1238/2289), no clinical feature data 19% (437/2289), not about vascular disease 16.6% (380/2289), <5 subjects 6.3% (145/2289), no original patient data 3.8% (87/2285), not English 0.04% (1/2289), and VAD from penetrating trauma 0.04% (1/2289).
We sought to examine 511 full manuscripts, 6 of which were unretrievable despite multiple attempts from multiple sources. After initial screening, there were 20 disagreements about study inclusion (k = 0.74) and 99 on reason for exclusion when the 2 raters agreed regarding the eligibility of the study. Disagreements about study inclusion were resolved by a third reviewer. Concordance was forced on the reason for exclusion by discussion between the 2 coders. After our full-text review, 430 articles were excluded and 75 were considered eligible. These eligible studies represented 2% of the total (n = 75/ 3996). The principal reasons for exclusion of full-text manuscripts after concordance was forced were r5 subjects 32% (138/430), no original patient data 28% (122/430), combined data about vertebral and carotid artery dissection that could not be segregated 18% (77/430), not about craniocervical dissection 9% (38/430), not about VAD 8% (35/430), focused solely on treatment 3% (14/430), and other 1% (6/430).
All 75 included studies were of modest quality (Table 1) . No studies met criteria for high quality, which required presence of the 3 parameters described above. Medium-quality rating was given to 48% of the studies, with the others rated as low quality. Individual sample sizes ranged from 6 (based on our exclusion of any studies with 5 or fewer subjects) to 332 subjects. When pooled together, a total of 1972 individuals with VAD were available for study. Of the 512 of these individuals in whom information was provided as to the location of the dissection, 134 (26%) were extracranial and 378 (74%) were intracranial. Most studies included adults only, with 1 only studying children 31 and 10 others including a mix of pediatric and adult subjects. Most studies analyzed retrospectively collected data in a series of patients. The mean age of the population studied was 46.5 years.
Symptoms Associated With VAD
When studies presenting unbiased estimates of particular symptoms were pooled together, dizziness or vertigo was the most common symptom among individuals with VAD, in approximately 58% of VAD patients, followed by headache (51%) and then neck pain (46%) ( Table 2) . Headache or neck pain as the initial symptom was present in 67% (pooled), although the range of frequency reported was between 24% and 100%. Seventy-six percent of the individuals in studies with unbiased estimates had either head or neck pain at some point during their presentation (SE = 0.02); thus, nearly 1 in 4 patients had no craniocervical pain either as an index symptom or evolving by the time of diagnosis.
The SEs were quite large for these pooled proportions, demonstrating the significant heterogeneity across studies in estimating the prevalence of these symptoms. Fewer studies provided information on more specific neurological symptoms such as gait problems or ataxia, nystagmus, dysphagia, and tinnitus than about nonspecific symptoms such as dizziness, headache, neck pain, nausea/vomiting, and visual symptoms.
Cerebral Ischemic Events and SAH
Stroke was commonly reported in VAD subjects, occurring in 63% of cases, with a higher prevalence among those with extracranial than intracranial VAD (66% vs. 32%, P < 0.0001, Table 3 ). TIA was much less commonly reported, occurring in only 14% of VAD subjects analyzed, with a trend toward being more common among those with extracranial than intracranial VAD (21% vs. 11%, P = 0.25). SAH was the least common cerebrovascular complication, occurring in 10% of cases, and exclusively among those with intracranial VAD (57% vs. 0%, P = 0.003) when location was reported. 
Electronic
VAD and Trauma
Minor trauma was relatively uncommon in association with VAD, with even lower frequencies of sporting injuries, chiropractic manipulation, and "major trauma" (primarily motor vehicle accidents) ( Table 4 ). Examples given of minor trauma cited in the referenced papers include abrupt head turning, massage, falls, bending over, positioning for surgery, or riding a roller coaster. Sports identified as possible risk factors included jogging, horseback riding, skiing, surfing, and playing tennis. Studies on dissections from penetrating trauma were excluded from this systematic review.
Outcome After VAD
Despite variability across studies, in general, individuals with VAD seem to have relatively good outcomes when treated in routine clinical manner. Outcomes using a mRS between 0 and 1 are reported in Table 5 . Poor outcomes occurred only in 10% of the total group of 570 individuals in whom outcome was reported, with the highest proportion of poor outcome just over 35% in 1 study of 17 individuals 78 ; this study still observed that the majority of patients had good outcomes.
Other Factors Associated With VAD
In the 12 studies 12, 17, 21, 27, 31, 36, 41, 51, 58, 63, 68, 80 that addressed history of connective tissue disorders (some with known diagnosis before VAD and others diagnosed after VAD), only 7.9% (SE = 21.6%), on average, had a known connective tissue disorder, including fibromuscular dysplasia. However, this varied between 1.1% in 1 larger study 12 and as high as 56% in a smaller series. 41 Results for history of smoking were slightly less heterogenous, with an overall proportion of 170/496 individuals with history of smoking (34%, SE = 38%).
DISCUSSION
Our systematic review of 75 papers demonstrates that reports on clinical features associated with VAD are heterogenous, with very few (only 2) studies including sample sizes over 100 and no studies of high quality by methodological criteria. We found that nonspecific symptoms (dizziness/vertigo, headache, and neck pain) are the most frequent clinical manifestations in patients with VAD, but no particular clinical symptom was sufficiently common as to exclude VAD when absent (eg, absence of neck pain is not a sufficient predictor against VAD to rule out the disease). Unfortunately, most studies did not report data required for synthesis of clinical feature combinations that might have helped physicians identify a distinctive clinical profile for VAD. The mean age of reported VAD patients (46.5 y) is roughly 20 years younger than in unselected stroke populations 82 ; our study results do suggest that clinicians should be particularly vigilant when assessing young adults with these symptoms.
Although our review did not identify studies that allowed pooled estimates of VAD prevalence in unselected clinical populations, a recently published study suggests that VAD may not be rare (B5%) even among patients with nonspecific, mild symptoms such as headaches or dizziness. 83 Taken together with well-documented reports of these as isolated presenting symptoms of VAD, 84, 85 our study strongly suggests that VAD should be considered in the differential diagnosis in patients with these common symptoms, even in the absence of more obvious (eg, hemiparesis) or specific manifestations (eg, cranial nerve palsies). This is particularly important for younger patients where the combination of dizziness with craniofacial or cervical pain might otherwise be mistaken for a benign diagnosis such as vestibular migraine. 5 Stroke was surprisingly common in our review, particularly in extracranial VAD. TIA, by contrast, was surprisingly uncommon (although, like completed stroke, more common with extracranial VAD). Whether these prevalence findings reflect detection bias (ie, dissections were more often sought and discovered in patients with stroke) is unknown. A recent study, however, found no completed strokes and 6 possible TIAs among 14 VAD patients who presented with mild, nonspecific symptoms such as headache or vertigo. 83 Prospective diagnostic studies in unselected patients presenting with dizziness, vertigo, headache, and neck pain would be required to identify the full spectrum of patients with VAD and determine the true population proportion with stroke or TIA.
SAH was clearly more prevalent in patients with intracranial VAD. The 1 small study reporting extracranial VAD found no associated SAH, and the prevalence of SAH in studies failing to report dissection location was far lower than that of studies reporting intracranial VAD. Although the focus of this review was not treatment of VAD, this diagnostic finding relates to choice of therapy. Anticoagulation is often given for VAD, despite some controversy and a lack of guidelines advising this practice. 86 In cases of intracranial extension of the dissection, however, the clinician is generally advised to avoid anticoagulation because of the concern for SAH. 87 Our review corroborates the fact that SAH was much more common in the presence of an intracranial VAD, and ischemic stroke was more common in the presence of extracranial VAD, adding to the evidence base supporting current practice. This does not, however, answer the question as to whether an individual with intracranial VAD who presents with a stroke should be anticoagulated. Whether the relatively good clinical outcomes for patients identified in this study reflect benefits of therapy or simply natural history of disease remains unknown. We found no information in these studies about the effects of treatment with antithrombotic medications, which would be an important area for future research. The risk factors generally sought when considering a diagnosis of VAD, such as connective tissue disorders or history of trauma, were not seen in a majority of individuals, with fewer than 8% of reported subjects having connective tissue disorders and fewer than half having obvious trauma, even using fairly liberal definitions of "trauma." This is not to suggest that VAD patients without known collagen-vascular diseases might not have occult abnormalities of their connective tissue, 88 but it does emphasize the need to shift clinical focus away from seeking VAD only in patients with underlying conditions of this type-particularly in light of recent studies demonstrating that connective tissue abnormalities are no more common in VAD than in non-VAD stroke controls. 89 Similarly, absence of a trauma history should not cause a clinician to remove VAD from consideration as a possible cause of stroke, TIA, or SAH.
Our study is limited principally by the quality of the source data. In general, most studies that met medium-quality criteria did so only because of adequacy of subject recruitment or case ascertainment. Most studies did not provide adequate information about data collection or masking of examiners. No study met all 3 criteria for quality (required to be considered high quality, as discussed above), and very few met 2 criteria. Similarly, the lack of control groups in the large majority of these papers makes it impossible to compare frequencies of symptoms in VAD with patients with other vascular presentations or to generate odds ratios for VAD given a particular symptom (or vice versa). Finally, most studies do not provide data on particular combinations of symptoms; thus, we cannot estimate the frequency of certain symptom constellations (such as headache and vertigo alone, for instance) in VAD patients.
To mitigate the effects of design flaws, we reviewed studies not only for quality but for bias with respect to individual symptoms or features being analyzed when determining which results should be included; nevertheless, there was likely some residual bias or variability. We could not exclude all papers using "clinical history consistent with dissection" as a diagnostic criterion, because one would anticipate that all cases diagnosed as dissection had at least some consideration of the clinical history. The extent to which an individual manuscript disclosed risks related to diagnostic workup, review, or incorporation bias 90 may have limited our ability to weed out biased samples from the data analysis. Similarly, the extent to which investigators systematically inquired about history of trauma was probably quite variable, and it would be expected that making a diagnosis of VAD would make it more likely that an individual would identify a recent minor trauma (so-called rumination bias). These differences in recruitment and case ascertainment are likely to explain some of the heterogeneity we found for many of the symptoms and features reported here. We also excluded from review the trauma literature, in which dissection would be identified through systematic screening of asymptomatic patients. This limits our conclusions somewhat, particularly regarding rates of trauma when extrapolating to all patients with VAD (as opposed to that subset who present with various specific or nonspecific neurological symptoms).
For stroke, TIA, and SAH, we separated those studies that identified the location of the dissection and found differences. Given the relatively small number of studies that provided detailed information about dissection location, we chose to analyze symptom results in combined manner, but the admixture of intracranial and extracranial dissections might partially explain the large SEs and wide ranges of prevalence of particular symptoms or outcomes. For example, an estimation of neck pain frequency might be very different in 1 study with primarily extracranial dissections, as compared with another with a larger number of intracranial dissections, in which headache might be more common. The heterogeneity of the included studies, and the heterogeneity of the definitions of clinical symptoms within the studies, limits our conclusions somewhat. It highlights the challenges inherent in determining unbiased symptom prevalence values and the importance of compiling these into a systematic review to demonstrate the range of frequencies seen across the literature and offer summary prevalence estimates for frequent symptoms.
Despite these limitations, we feel that our study findings will assist physicians in recognizing the clinical phenotype of VAD. Given the large number of subjects across all of the pooled studies, we have described important patterns in symptomatology and outcome. We used standardized search strategies and specific criteria for rating study quality and appropriateness for inclusion in this review. We are confident that we were able to identify most published, relevant studies pertaining to VAD. There were 6 manuscripts that we could not retrieve, but, given the large overall sample size, we do not anticipate that these would have meaningfully influenced our results, as they had relatively small sample sizes individually. Our review is strengthened by the requirement of included studies to have radiographic or pathologic confirmation of VAD.
CONCLUSIONS
Our systematic review of subjects with VAD demonstrates that vertigo, dizziness, headache, and neck pain are the most common presenting symptoms in individuals with VAD. Diagnostic assessment of individuals with these complaints should include consideration of VAD, perhaps even when more specific neurological symptoms are absent. Although we are not recommending that a complete imaging workup for VAD is needed in all individuals with headache or dizziness, we do wish to draw attention to the fact that VAD may present with relatively common symptoms and that many VAD patients do not have symptoms typically linked to VAD. As an example, the pooled prevalence of neck pain in VAD is only 46%, emphasizing that the majority of patients with VAD do not report neck pain. It remains uncertain at this point whether patients presenting with isolated symptoms, such as dizziness, are at high risk for VAD, or what the predictive values for certain symptom combinations may be. A history of trauma or connective tissue disease is not found in the majority of symptomatic cases. Most individuals are identified when they present with either stroke (particularly if the VAD is extracranial) or, less frequently, SAH (particularly if the VAD is intracranial). Most seem to have relatively good outcomes when treated in accordance with routine practice. Large-scale, prospective studies imaging systematically for VAD in undifferentiated clinical populations (eg, emergency department patients with dizziness or vertigo) and comparing VAD patients with non-VAD controls will be needed to refine prevalence estimates for clinical findings and determine their diagnostic value (ie, sensitivity, specificity, likelihood ratio).
